Daily and monthly rainfall was analyzed by the Concentration Index (CI) of [1] and the Annual Precipitation Concentration Index (PCI) of [2] in southeastern Brazil. About 120 rainfall stations were used in the period from 1976 to 2010. Data were obtained from the National Water Agency (ANA). These data were selected by observing their spatial and temporal distribution in the study area. In general, the Concentration Index and the Precipitation Concentration Index were consistent for the study of rainfall variability in the study area. High percentages of annual rainfall concentration in a few very rainy days can increase the risk of flooding and soil instability. In this work, a survey of the spatial and temporal patterns of daily and monthly rainfall concentration in southeast Brazil was conducted. The results showed a relatively homogeneous temporal distribution of daily rainfall in the study area. In addition, the Mann-Kendall test showed a clear trend towards a seasonal rainfall distribution.
Introduction
The climates of Brazil are highly controlled by factors such as latitude, altitude, There is need to analyze and understand the hydrological processes in agri-cultural areas and watersheds due to their impact on soil erosion and conservation measures. Of all regular climatic parameters, precipitation is the most changeable variable in time and space.
There are simple rainfall measures that can be used to provide information on variability, therefore on the climate state. These mainly include annual and monthly precipitation data of rainfall and averages, which can be used to assess rainfall seasonality, variability and the frequency of extreme events.
High percentages of total annual rainfall concentration in a few very rainy days can increase the risk of flooding and soil instability. In this work, a survey of the spatial and temporal patterns of daily and monthly rainfall concentration in southeast Brazil was conducted through a set of homogeneous daily rainfall data.
One of the most important aspects of climate variability that requires thorough investigation is the temporal distribution of rainfall and its historical changes. Precipitation is an important variable, since it gives rise to opposite phenomena such as drought and floods.
Several studies about rainfall variability have been performed worldwide using various statistical procedures. A significant decrease in the number of rainy days has been identified, as well as an increase in precipitation intensity values in many parts of the world, such as China [3] [4] [5] and America [6] . With regard to the Mediterranean area, several studies have been conducted to investigate the trends in annual and seasonal precipitation on a large scale [7] Regarding the United States, the studies by [6] are worth mentioning, who found a 10% rainfall increase in the period from 1910 to 1995 and a positive trend in intense precipitation events (>90%). This increase is due to the increased frequency of days with precipitation, as well as an increase in its intensity.
Rainfall intensity, amount and pattern require detailed analysis, because these variables cause droughts or floods, likely to occur frequently in the region under study.
A higher rainfall concentration, represented by higher percentage of the total annual rainfall in some very rainy days, has the potential to cause floods and droughts. These phenomena have a considerable impact on water resources.
As consequences, rainfall amount and intensity can make the soil more vulnerable to erosion and increase instability. In particular, vulnerability to soil erosion will affect the growing conditions of plants and agricultural practices, changing the land use management [23] , and the instability of slopes can increase economic and life losses. According to [24] , the knowledge of the temporal distribution of heavy rainfalls allows assessing the amount of runoff and soil loss. Changes in the temporal rainfall distribution can also modify river systems, groundwater recharge, water availability, hydropower production [25] [26] [27] .
For these reasons, it is important to analyze the statistical structure of rainfall rates based on the set of daily rainfall data.
Researchers from Europe and nearby geographical areas also conducted studies on daily rainfall. [28] [29] [30] found that 25% of the rainiest days represented 75% of total annual rainfall volume and the high values of the daily rain concentration were located in the eastern region of the Iberian Peninsula.
Precipitation is one of the most important variables associated with monsoon anywhere in the world and the rainfall amount in a week or month varies widely.
The monsoon season is well spatially organized on a large scale, but this is not true for smaller scales. Concentration indexes above 0.60 show one of the most characteristic traits of rain: its high concentration.
Rainfall analysis aimed at characterizing precipitation at different spatial and temporal scales is a widely discussed issue, mainly due to its involvement in hydrological processes and analysis of erosion and soil loss. In the current context, several authors have associated change in precipitation patterns to extreme weather events occurring more and more frequently in many parts of the world, such as China [31] [32] America [33] or in various areas of the Mediterranean [34] .
One must know the rainfall structure on a daily scale. A subject that attracts attention in climatology studies is the guidance to establish monthly and annual averages, which makes daily (including hourly) information scarce. All these scales (daily, monthly and annual) have a great potential to characterize precipitation, as rain has a discrete pattern. Furthermore, the frequency distribution has daily values that are perfectly adjustable to negative exponential distribution [35] due to the existence of many days with precipitation of less than 1 mm and a few days with heavy rainfalls [1] .
The Concentration Index (CI) allows understanding the irregularity of daily rainfalls. It is an estimator of the degree of rainfall tolerance [1] and explains instability processes, formation of slopes [36] , danger of flooding and drought. CI is a synthetic indicator that summarizes all daily rainfall events.
Analysis of precipitation with daily resolution is a matter of great concern, anywhere in the world. This type of analysis is justified by the existence of serious environmental risks in the various regions of the planet, such as flooding and unstable soil resulting in high percentages of total annual rainfall falling on a limited number of very rainy days. Thus, the northern portion of southeastern Brazil has long periods of drought and uneven distribution of rainfall seasons.
To analyze the inter-annual rainfall distribution, [2] adapted an index from the geo-economic theory (industrial concentration) to quantify the relative distribution of rainfall patterns and estimate its seasonality [34] , which was called Precipitation Concentration Index.
The aim of this study was to determine the concentration of daily and monthly precipitation using methodology called daily and inter-annual concentration index developed by [1] first and [2] second.
Methodology
The study was conducted using meteorological data from the National Water The concentration index proposed by [1] was used to determine the relative impact of different precipitation classes, e.g., more intense precipitation observed in the heterogeneity of daily precipitation [32] [34] [39] .
In a given time and place, the probability of small daily amounts of rainfall is greater than large daily amounts of rainfall. In other words, starting with the lowest class of daily rainfall, the absolute frequencies of daily precipitation exponentially decrease as it moves to the consecutive intervals [35] . has been widely used in many areas [40] . It should be noted that this curve is plotted with both axes ranging from 0 to 100%, giving a total area of 10,000.
Thus, the Gini index (2S/10,000) was used to quantify the degree of concentration, where S is the area contained by the bisector quadrant and the Lorenz's curve. The integral defined from the exponential curve between 0 and 100 is the area under the curve A':
Based on areas A´ and S´ compressed by the curve, the equidistribution line and N i (=100) is the difference between 5.000 and the value of A'. Coefficients a and A' can be estimated by the least squares method. Then, the concentration index CI, resembling the Gini index, can be defined as:
CI 5000 S = Figure 2 . Exponential curve of the cumulative number of precipitation days (Sum Ni) versus accumulated rainfall (Sum Pi). The solid black line is the equidistribution line.
The CI value is the S' fraction and the area surface of the lower triangle is defined by equidistribution line. CI indicates the contribution of extreme precipitation for certain lengths of time.
Extreme rainfalls are associated with flooding; therefore, CI studies have scientific and practical merits, as they enable a better understanding of flood events in a given area.
If the concentration index is zero, there is complete precipitation uniformity and with CI = 1, total rainfall concentration occurs at a particular time.
The monthly rainfall heterogeneity was analyzed using the rainfall concentration index originally proposed by [2] and modified by [41] .
The modified index is expressed by: 
The values of all indexes used in this study were calculated using the R software through the precintcon function developed by [42] , where there are various input parameters such as the object to be analyzed and the period one wants to work, which should include the number of days or months to be grouped during the calculation of CI, PCI and SPI respectively. For example:
precintcon.ci.analysis (d1, d2, interval = 1), to calculate CI and where, in this case, the interval used for analysis is equal to one millimeter; precintcon.pci. analysis (d1), to calculate PCI. [45] and is widely used in detecting trends in hydrological series (e.g., [39] ). The statistical S test has zero mean and unit variance, given by the following equations: The spatial distribution of the Monthly Concentration Index (PCI) (Figure 4 ) shows a gradient from south (southwestern region) to north (northeastern region). This index was used to classify three basic regions: irregular distribution (>40), highly seasonal (30 -40) and seasonal (<30). Regarding the southeastern region, no value exceeded 20, so it could be inferred that rain is seasonal.
Results and Discussion
In Chile, for example, according to Sarricolea and Martin-Vide (2012), values of this index ranging from 40 (northern region) to 25 (southern region) could be observed, characterizing that to the north, in the Coquimbo region, rainfall is distributed only over one month, while in the transition region (Coquimbo and Valparaiso), this precipitation is quarterly and during winter. Farther south, from the metropolitan area to Curicó, precipitation extends from May to September (five months). This pattern is very different from the southeastern region of Brazil. Figures 5-8 show the relationship between CI and the precipitation percentage of rainy days to 10%, 20%, 30% and 50%, based on the rainfall stations analyzed. It was possible to determine the percentage of total rainfall, corresponding ) is equal to 0.93% for 50% of the rainfall that occurred in the region. In the other relationships of CI with the proportions of days with rainfall, the value ranges from 0.66 to 0.89. Thus, the heterogeneity of daily precipitation within a year can be better accounted for by the percentage of rainfall that contributed with 50% of the rainiest days in the study area. Table 1 shows rainfalls that contributed with 15 and 25% of the rainiest days for the series analyzed. This table shows that in 15% of rainy days, rainfall occurred between 49.5 to 56.8 mm and in 25%, rainfalls occurred between 68.8 to 61.9 mm.
In general, according to Martin-Vide (2004) , values above 0.61 for CI mean that 70% of the total precipitation contributes with 25% of the rainy days. Table 1 shows the PCI values at each station and its standard statistics (Z PCI ), as well as CI and its standardized statistics, the trend tested by the Mann-Kendall method. It was observed through the absolute values of Z PCI ( Table 1) that there are values smaller than 1.64% for 90% significance level, which means that the trends are not significant for these stations; however, there are some in which absolute values are greater than 1.64. In this case, through this method, it could be concluded that there is a tendency. The same could be said for the absolute Z CI values. Values marked with the symbol (*) indicates that there are significant trends for the 90% significance level.
However, it was observed that these non-significant trends in PCI are negative for almost all of the analyzed series. The suggestion of positive trends implies a tendency for increased annual concentration of total rainfall for the summer, considered the rainy season. It is not that what occurs in this region, based on PCI values analyzed. The CI values for some rainfall series were estimated in terms of values of regression coefficients a and b in equations Sum(P i )and A'.
The positive trends in the case of CI (Z CI ) indicates extreme inequality of rainfall distribution and increased chance of occurrences of droughts and floods, which leads to the need of thinking about influence strategies for prevention of flooding or water use in the study area.
Conclusions
The analysis of the degree of rainfall concentration throughout the year is extremely important due to its high impact on environmental phenomena such as floods and droughts. In this study, the rainfall distribution on daily and monthly scales in southeastern Brazil was determined. The precipitation concentration index (PCI) was used to evaluate the rainfall seasonality and the concentration index (CI) was used to evaluate the weight of the greatest daily events relative to the total amount of precipitation.
The PCI results showed marked rainfall seasonality in the study area. PCI and CI values were not high within the southeastern region compared to those obtained in Chile and Spain.
The results also show that a large percentage of precipitation is provided by the highest quartile of the rainy days. Daily rainfall heterogeneity within one year can be best explained by the percentage of rainfall that contributed with 50% of rainy days in the study area.
